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Riber EPINEAT Series for  
all MBEICBE Appl icat ions 
In the last years, RIBER has increased its development efforts to entrance its product line. 
The EPINEAT series now includes vertical chamber reactors for all MBE/CBE fields. RIBER 
has also concentrated upon the development of accessories, including advanced sources 
for RIBER's and competitors" equipments. RIBER now introduces a unique flux calibration 
unit which guarantees an ultimate reproducibility of MBE and CBE processes. 
New components, 
for all systems 
REFERENCE 9000 - high resolu- 
tion beam flux calibration module. 
Reproducibility of III-V and II-VI 
MBE growth is dependant upon the 
reproducibility of source fluxes. A 
flux gauge (movable or installed on 
the manipulator) is commonly used as 
a calibration tool, however, the beam 
pressure readout is affected by the 
behaviour of system materials and 
ageing of the gauge itself, which 
results in a drift of the measurement 
and thereby, hinders the ~eproduci- 
bility of material composition in 
layers. Therefore, a frequent recali- 
bration is required. This is even more 
critical in the case of quaternary 
alloys. 
Responding to this need for ulti- 
mate calibration, RIBER introduces 
the Reference 9000. This stand-alone 
high resolution calibration module is 
designed to meet the stringent rends 
of advanced MBE, in terms of  
accuracy, stability and above all, 
reproducibility of material fluxes. 
Moreover, the versatile arrangement 
of this ultra-clean UHV component 
allows MBE researchers to use it as a 
doping gas line with gaseous precur- 
sors such as CBr4. The unit has been 
designed in collaboration with the 
Department of Semiconductor Phy- 
sics of Ulm University (Germany). 
The electronics was developed with 
Sigmann Electronik, a company spe- 
cialized in the field of micro-control- 
lers and signal handling systems. 
The RIBER Reference 9000 is 
retrofltable to all existing systems. 
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Figure I. Reference 9000. 
The REFERENCE 9000 is a mod- 
ular system comprising a high accu- 
racy electrometer and an external flux 
reference system. The electrometer 
permits to improve the beam pres- 
sure reading and allows a relative flux 
calibration. An absolute calibration is 
possible when using the external beam 
reference system (Figure 1). 
1. Beam pressure 
readout 
On standard configurations, the beam 
pressure measurement is made with a 
traditional 2-digit precision power 
supply (suppl ied with the flux 
gauge). Its pressure measurement 
accuracy is _+ 1% of reading in the 
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two decades of current used during a 
process (1 mA, 10 mA). However, a 
reproducibility of solid cells beam flux 
better than 0.2% is only possible if the 
ion gauge collector current is cali- 
brated and monitored by the RIBER 
high accuracy electrometer providing 
collector current stability and repro- 
ducibility better than + 0.1% of 
reading on each decade of flux. This 
sub-unit consists of an electrometer 
amplifier unit and a high resolution 
control and display unit. 
The amplifier unit reads an analog 
signal (collector current) and ampli- 
fies it, through one of five ranges 
(from lnA to 10~A corresponding to
five decades) selected from the con- 
troller unit, into an output analog 
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signal (on each current decade). This 
signal is fed to the digital controller 
for A/D (16 bit) conversion and 
display (5-digit). The controller han- 
dles the analog signal with indepen- 
dent calibration for all measurement 
ranges. 
The controller unit has a menu- 
based local control, a terminal inter- 
face (9 pin / RS232) for range 
selection commands to the amplifier 
and a network interface (25 pin / 
RS422) for communication to a host 
computer. Therefore, it can be con- 
trolled either in local mode or in 
remote mode. 
2. Reference flux system 
A further step towards state-of-the- 
art beam flux calibration is the 
possibility to inject a very accurate 
and reproducible gas flux as a 
reference into the growth chamber. 
The use of an external, well-defined 
standard is not only extremely bene- 
ficial to the reproducibility of a given 
process, but also for the transfer of 
data from one processing equipment 
to another. 
The development of simple and 
highly reliable gas injection equip- 
ments has positioned RIBER as a 
leader in the field of advanced 
material flux control. Ultimate accu- 
racy and reproducibility are provided 
by downstream pressure control tech- 
niques. The use of high precision 
pressure transducers and control 
valves together with special design of 
the gas lines and injectors, allow 
control of low fluxes down to the 
10 -2 sccm range. 
Both short and long term stability 
of the flow are dominated by the 
excellent emperature stability of the 
zero offset and gain in the pressure 
transducer. The overall control sys- 
tem is easily capable of operating at 
errors much below O. 1% of maximum 
flow over long periods. 
A typical pressure control regula- 
tion closed-loop comprizes: 
a. A pressure transducer, which 
measures the pressure upstream of a 
flow element (metering aperture) 
setting the conductance C of the gas 
line (as a constant) and thereby, 
adjusting / linearizing the function 
Qnow = f (P1 [upstream pressure], 
REFERENCE 90001DSP9000 
Characteristics 
Pressure range 
No of decades covered (dynamics) 
Optimum operating temperature 
Time constant 
According to the pressure transducer full scale (F.S.). 
Up to 3 decades. 
Clean room temperature _+1°C. 
40 ms / algorithm loop. 
Due to the high standard of the DSP controller, the performance data are determined by 
the selection of pressure transducers. 
Base Line performance can be obtained by the following set-up : 
RIBER DSP 9000 regulator + pressure transducer MKS TM 127 (range 1 torr) + control valve MKS TM 248. 
Uncertainty* (0.15 % reading) 
Resolution (0.001% F.S.) 
Zero temperature coefficient** 
Span temperature coefficient** 
Total uncertainty as a percent of reading 
10 % F.S. 1% F.S. 0 .1% F.S. 
1.5 X 10 -4 torr 1.5 X 10' torr 1.5 X 10 -6 torr 
1 X 10 .5 torr 1 X 10 -5 torr 1 X 10 -5 torr 
5 X 10 .5 torr 5 X 10 -5 torr 5 X 10 .5 torr 
2 X 10 -4 torr 2 X 10 -s torr 2 X 10 -6 torr 
0.35 % 1.16 % 9.26 % 
* Includes non-linearity, hysteresis, non-repeatability, and temperature coefficient. 
** Assumes +_ 1°C ambient temperature change. 
Ultra Pure performance can be obtained by the following set-up: 
RIBER DSP 9000 regulator + pressure transducer MKS TM 120 (range 1 torr) + control valve MKS TM 148. 
Uncertainty* (0.08 % reading) 
Resolution (0.0001% F.S.) 
Zero temperature coefficient** 
Span temperature coefficient** 
Total uncertainty as a percent of reading 
10 % F.S. 1% F.S. 0 .1% F.S. 
8 X 10 -5 torr 8 X 10 -6 torr 8 X 10 .7 torr 
1 X 10 .6 torr 1 X 10 -6 torr 1 X 10 .6 torr 
4 X 10 -6 torr 4 X 10 .6 torr 4 X 10 -6 torr 
2 X 10 .5 torr 2 X 10 -6 torr 2 X 10 -7 torr 
0.13 % 0.20 % 0.88 % 
* Includes non-linearity, hysteresis, non-repeatability, and ___ temperature coefficient. 
** Assumes _ 1°C ambient temperature change. 
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Example of beam pressure/calibration flow relationship. 
Figure 2. Example obtained on a Riber MBE 32 system with a Reference 9000 / RB 32 EG (with 
nitrogen and a 0.3 mm ID flow element). Beam pressure typically varies from 6.9 10 -s tort to 
1.0 10 -5 torr when the pressure set point of  the ~ressure control loop varies from 0.1 to 9 tort. 
Smaller beam pressures ( < 6.9 10- torr) can also be obtained easily. 
with P2 [downstream pressure] 
< < P1), towards the UHV growth 
chamber. The response time is extre- 
mely fast to a set point change (less 
than 0.1 s). 
b. A high resolution pressure con- 
troller DSP 9000, controlling regula- 
tion parameters. 
RIBER DSP 9000 is a micropro- 
cessor based, high resolution PID- 
type valve controller. The DSP 9000 
is the first 16 bit digital PID regulator 
completely dedicated to the closed- 
loop pressure control technique. The 
ultimate accuracy, stability and re- 
peatability required for demanding 
processes can be achieved easily. 
By setting of parameters, (set point, 
PID, valve bias, etc.), either in local 
mode by a menu-based dialogue or in 
remote mode, via a host computer 
using the high speed RS-422 / RS-232 
network interface, it can be adapted 
to a broad range of applications. 
c. A proportioning, electromagneti- 
cally-operated control valve, con- 
trolled with the DSP 9000, gives 
both fast response and long-time 
stability of the gas flow. 
Valved phosphorus 
cracker cell 
This source answers the increasing 
demand for a solid source of phos- 
phorus, due to more stringent safety 
regulations on gas-based systems. 
Phosphorus is used for ternary- and 
quaternary-based red and infrared 
lasers. Compared to other commer- 
cial products, the RIBER cell offers 
numerous advantages. As it includes a
leak-tight UHV valve, the cell can be 
refilled without breaking the vacuum 
in the growth chamber. 
The main advantage, however, is 
certainly the fact that its design, with 
three stages, completely eliminates the 
P2 pressure burst when opening the 
valve. This detrimental effect is 
observed with other products where 
red and white phosphorus co-exist. 
The KPC cell, developed from the 
work of Prof. Briones, in Madrid, is a 
double-distillation, phosphorus gen- 
erator. The P4 vapour, generated by 
evaporating red phosphorus, is con- 
densed onto a cold surface in the form 
of white phosphorus. White phos- 
phorus vapour pressure is high even 
at low temperature, and the good 
temperature stability of this conden- 
ser results in a stable P4 pressure at 
the entrance of the cracker section, 
where molecules are cracked to P2. 
A rugged flux regulation valve can 
be positioned near the condensers, as 
this is a low temperature gion. Such 
a valve is intrinsically more precise 
and more stable than needle valves 
located in high temperature areas 
used on other products. The cell is 
available with two Pred charge capa- 
cities: 40 cc and 250 cc. 
Two types of valves are available. 
The first model is a pneumatic valve 
w i th  an ad jus tment  vern ie r  
(2000 points) allowing precise adjust- 
ment of the beam. The pneumatic 
actuator opens and closes the valve 
very quickly and generates very 
abrupt pulses without any over- 
shoot/undershoot. In the second 
model, a bellows valve is continu- 
ously adjusted using a stepping mo- 
tor. Fluxes are reproducible instantly 
within 1% with a BEP dynamic of 
100. 
The power supply integrates afety 
interlocks to close the valve in case 
the cracker temperature falls below a 
user-selectable value (normally 900C). 
Many units are installed and work- 
ing successfully around the world. 
The phosphorus consumption is very 
low, and very often no specific 
pumping is required. Units have been 
instal led on competi tors '  MBE 
systems. 
New cells for MBE 32 
systems 
RIBER has expanded its line of 
effusion cells for the MBE 32 system 
including a double-filament cell, a 
hot-lip cell, and a cold-lip cell. 
The double-filament cell eliminates 
the condensation of materials (e.g. 
Gallium or Indium at the mouth of 
the cell, reducing the formation of 
surface defects. Furthermore, the cell 
is equipped with two thermocouples. 
The upper filament can be either fed 
with a constant current, or regulated 
via a PID controller. Using two PID 
controllers (one for the lower fila- 
ment, one for the upper filament), 
users have reported very low flux 
transient, in the order of 3.5% for 
gallium. 
Cold-lip cells are used for alumi- 
nium in order to increase the material 
capacity. Up to 20gr of aluminium 
can be loaded, with no overflow 
observed for temperatures up to 
1200°C. Only 180W are needed to 
reach 1150°C and generate a 2x10 7 
torr BEP (measurement on a MBE 32 
system). 
Hot-lip cells are recommended for 
use with difficult high vapour pres- 
sure materials, which evaporate/sub- 
limate below 700°C, particularly in 
the II-VI family. Several tens of these 
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Figure 3. Valved phosphorus cracker cell. 
MBE/CBE computer 
control 
This software, for MBE and CBE 
process control, is compatible both 
for ind iv idual  P ID cont ro l le rs  
(eg.820,905)and multichannel PID 
controllers (eg. F ICSl l ,  PC 3000). 
Twenty units have been sold to-date, 
for several types of PID controllers, 
including units on competitors' MBE 
systems. Interfaces are available for 
various types of shutter power sup- 
plies. 
The software performs all basic 
MBE/CBE functions in a real time, 
multitasking environment. It also 
includes advanced functions, such as 
any type of flux ramping, Rheed 
oscillations acquisition and treat- 
ment, system surveillance at night, 
automatic flux calibrations and batch 
runs for production units. The CBE 
software includes all preparation and 
calibration procedures. 
Files can be exchanged with RIBER 
software support team through an e- 
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Figure 4. Zn flux controlability with low temperature c lls. 
cells are in use. This design prevents 
the condensation of material at the 
mouth of the crucible and provides a 
better flux stability and reproducibil- 
ity. Temperature stability at low 
temperatures i a very important 
factor, as a small variation can 
produce large differences in BEP for 
these materials. This is especially true 
for material systems uch as CMT or 
Zn-Se ternaries, where a small com- 
position change can dramatically 
affect the electrical/optical perfor- 
mances. Results with very thick 
layers demonstrate an excellent em- 
perature stability (+ 0.1 °C) over long 
periods of time. Shielding is as good 
as for conventional cells, to avoid 
large heat transfer from the cell oven 
to the surrounding shroud. Together 
with the use of large-area flat foil 
filaments, this insures maximum sta- 
bility and responsiveness, even at low 
temperatures. 
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mail connection, for improved custo- 
mer service. 
The EPINEAT series, 
a growing successful 
family 
The EPINEAT series was introduced 
in 1992 with two systems developed 
respectively for III-V chemical beam 
epitaxy and silicon-germanium RTP- 
UHV/CVD. Since then, the EPI- 
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NEW BENEF ITS  FROM EFFUSION CELLS  
- Phosphorus cracker cell 40 cc / 250 cc 
• zero-burst at opening/closing 
• flux stability and reproducibil ity better than 1% 
• continuous, precise flux adjustment. 
- -  Double-filament cells 
• 2 filaments, 2 thermocouples with separate regulation: 
flux burst 3 times lower 
• independently controllable lip temperature prevents 
material condensation, promotes lower Defect densities 
• improved stability for "difficult" materials 
- Hot lip cells 
• Faster flux stabilisation for low evaporation 
temperature materials (Se, Zn .... ) 
• Stability better than _0.1C. 
NEAT line has evolved to include a 
MBE/GSMBE/CBE chamber for III- 
V epitaxy, and a MBE chamber for 
the growth of zinc-selenide or other 
"difficult" materials. 
Each system of the EPINEAT series 
includes a vertical deposition cham- 
ber, either mounted in a ventilated 
enclosure together with a buffer and 
an introduction chamber, or con- 
nected to a modular transfer line, for 
multichamber configurations. All 
chambers from this series can be 
interconnected. 
All systems exist in a single 3" 
version, or in a 5" version which can 
hold substrates up to 4" in diameter, 
or three, 2" substrates at a time. 2" 
systems can be retrofitted easily to 5" 
capability. 
RIBER has enjoyed great success 
with this series of systems, with 
excellent achievements made in all 
areas of research and production. 
Eleven systems have been installed 
world-wide so far. 
In the field of silicon-germanium 
RTP-UHV/CVD, the system quickly 
came online to produce advanced 
structures with very sharp interfaces 
with excellent control and reproduci- 
bility, and has produced state-of-the- 
art HBT material. This system is now 
used for research on the next genera- 
tion O.18 gm devices. A second 
version is being commissioned, and 
large corporations have already ex- 
pressed interest. 
In the III-V CBE field, EPINEAT 
systems have been used to produce 
device quality aluminium containing 
compounds (e.g. GaA1As), and phos- 
phorus-containing quaternaries. The 
innovative design of gas injectors and 
gas regulation equipment eliminates 
flux transients and allows growth of 
very thin quantum wells, as well as 
achieving very high growth rates. Up 
to 10 ~tm/hr were reported, with good 
material quality, even with very low 
vapour l~ressure source material 
(metal organic compounds). 
RIBER has developed, in coopera- 
tion with the University of ULM 
(Department of Semiconductor Phy- 
sics), a very high precision gas flow 
regulation loop, based on a high- 
speed digital PID controller, the 
DSP 9000. This regulation loop al- 
lows control of the inlet pressure with 
very good precision and repeatability 
over several decades. 
CBE has long proven its capability 
to produce device quality materials 
with good uniformity. The EPINEAT 
system with its ability to reach high 
growth rates and with the availability 
of good precursors, gives CBE a new 
edge as a production tool. 
In the field of MBE, our systems 
have produced evice-quality material 
on 4" substrates. Good Mesfet and 
Hemt layers with defect densities 
under 100 cm -2 are routinely ob- 
tained. The source and chamber 
geometries have been designed to 
promote good uniformities and the 
results reach the expectation. 
The systems are equipped with 
150cc single- or double-filament cells 
for enhanced uniformity over 4" and 
prolonged system uptime. Smaller 
cells are available for the 2"-3" 
versions. 
The first wide-bandgap II-VI blue 
lasers have been produced in January 
1995. The ZnSe chamber is designed 
to avoid the problem of flakes, 
common when using these materials. 
Figure 5. Accessible MBE/CBE software. Here." CBE lay-out diagram. 
Page 14 !~', !~!~i~ .::,:: ;~ ~:~:~=:~;~ ~: , Vol 8 No 2 
I 
IM COMPANY PROFIL£  I . . . . .  
EP INEAT ser ies  - depos i t ion  chamber  
- -  vertical geometries 
- motorized transfer operations with safety interlocks 
- SiGe UHV-CVD = 1 large size injector port normal 
to the substrate. 
- CBE only = 1 large size injector port normal 
to the substrate, plus 4 ports 
symmetrical ly distributed around 
the  vessel. 
- III-V CBE/MBE/GSMBE -- 8 cell/ injector ports, 
symmetrical ly distributed around 
the vessel, plus 1 injector/cell port 
normal to the substrate. 
- -  MBE, ZnSe and new compounds = 10 cell/injector ports, symmetri 
cally distributed around the vessel, 
plus 1 port normal to the substrate. 
- MBE, CMT -- 10 cell/injector ports, symmetri 
cally distributed around the vessel, 
plus 1 port normal to the substrate; 
mercury source and mercury 
recovery system. 
EP INEAT I I I -V  MBE - 4"  GaAs  subst ra tes  
Thickness uniformity ' A_ee=-t-1.1% .(E.=0.7%) 
e n 
Doping uniformity • A._~n = ___2% .(2=1.5%) 
n n 
AI concentration uniformity - A._~x= -t-0.9% .~.=0.9%) 
x n 
Defect  density < 100 cm -2 
Background < 1.3 x 10 TM cm -3 
Courtesy of MBE Technology Pte Ltd, Singapore. 
Several systems for this application 
have been installed, including single- 
and dual-chamber (III-V/II-VI) con- 
figurations. 
Other products, including the best- 
seller single-wafer MBE32, the multi- 
4" MBE48, and the silicon/metal 
deposition systems SIVA32 and 
SIVA45 (respectively 3" and 5"), 
have also undergone continuous de- 
velopment. 
For the MBE32, RIBER has intro- 
duced several new effusion cells, a 
motorized manipulator positioner 
and a new magnetic modular transfer 
line for larger multichamber config- 
urations. Also, evaporation flanges 
have been designed and manufac- 
tured to accommodate the sources 
required for "new" material fields 
such as gallium nitride and silicon 
carbide. 
Among all multi-4" systems com- 
mercially available, the MBE48 is 
recognized as supplying superior 
material with the best uniformity 
and lowest defect density. After 
several years of use now proven that 
you can produce epilayers with re- 
peated efect densities below 20 cm 2 
through two-month or three-month 
growth campaigns. The system was 
developed to include a very large 
capacity arsenic cell (1150 cc) and a 
low-temperature silicon doping 
source. The system is now offered in 
its original fully automated version, 
or in a smaller motorized/manual 
version, based upon the develop- 
ments made for the EPINEAT series. 
The metal/silicon deposition sys- 
tems now include the capability to 
control e-beam evaporation fluxes 
either using Electron Impact Emis- 
sion Spectroscopy sensors, or Quad- 
rupole. Both opt ions can be 
monitored by the process control 
system. 
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